Introduction
The creation of biodegradable polymer materials for the aim of utilization of synthetic polymer wastes, which can be degraded under the environmental conditions (sunlight, humidity, microorganisms, etc.) with formation of water and carbon dioxide [2; 22; 27] is one of important problems of modern polymer physics and chemistry.
Among different methods of creation of biodegradable polymer composite materials, the most efficient and economically profitable is the production of polymer materials via mixing synthetic polymers with natural biodegradable ones or mixing natural polymers of different classes. Such polymer compositions allowing one to use the properties of each component can be successfully applied in different areas, especially in production of packaging materials, films for foodstuffs, and articles for short-term application.
There are a lot of works on the production and investigation of biodegradable compositions based on synthetic polymers and natural polysaccharides (see, for example, reviews [2; 27; 28] ). Under conditions of shear deformation in the absence of solvents, the biodegradable compositions of low density polyethylene with different polysaccharides (starch, cellulose, chitin, ethyl cellulose, chitosan) were obtained and their structure, morphology, and biodegradability were studied. It was shown that the biodegradability depends on the blend composition and the nature of polysaccharide [29] [30] [31] .
In recent years polylactide (PLA) -a product of lactic acid polymerization -excites a great interest. PLA is isotactic polymer with optical activity of polymers, has L-and Disomers with quite high degree of crystallinity (30-80 %) depending on the production method. PLA density comprises 1.27 g/cm 3 , densities of amorphous and crystalline regions are equal to 1.248 and 1.290 g/cm 3 , respectively. The glass transition point of PLA lies in the region of 57-60°C, while the crystallinity degree and melting point depend on the isomer composition. The statistic polymers containing different isomers are less crystalline and soften before melting at lower temperatures.
In comparison with other polyesters based on plant raw material, thanks to complex of thermal and mechanical properties, PLA is most promising for production of plastics and fibers with the given characteristics, especially taking into account serious technological and economic problems at their production, application, and utilization. Due to its high mechanical characteristics, oil and UV radiation stability, the capability of retaining the shape, etc., PLA offers the competition to traditional synthetic polymers. However, the possibilities of its application are A lot of works are dedicated to study of the compositions of PLA with chitosan -a biodegradable polymer formed by deacetylation of a nature polysaccharide chitin (for example, [6; 17; 38] ). Chitosan is used as a packaging polymer or coating owing to its good film-forming capacity. Among the numerous application areas of the compositions based on chitosan, the medicine is of great importance. The possibility of using chitosan-PLA compositions as a nerve conduit was shown in [38] , and this composition was used as a scaffold material in [17] . The compositions with montmorillonite additives, which can be used for the creation of biodegradable devices, which should not be removed from organism, were described in [21] .
One of the most widely used plasticizer for PLA is poly(ethylene glycol) [3; 7; 8] . The PLA-PEG compositions were studied in detail in [7; 14; 24; 25] . However, there are no literature data on the influence of different low-molecular PEG on PLA properties.
The aim of this work was the production of biodegradable binary compositions of two polysa ccha r ides -et hyl cellulose a nd chitosan -with PLA as well as their ternary compositions containing low molecular PEG and inves tigation of the mechanical characteristics, thermal properties, morphology, and biodegradation capacity. The films prepared from compositions of PLA and chitosan may ha ve t he incr eas ed wat er r esista nce in comparison with the films from pure chitosan that may impr ove their p er for ma nce as packaging materials. The compositions based on thermoplastic ethyl cellulose and PLA can be used for molding and casting of the articles for different purposes: spectacle frames, tool handles, toothbrushes, etc.
Experimental Part Materials
Chitosan (deacetylation degree 0.87 and molecular weight 4.4  10 5 (Bioprogress, Russia)), ethyl cellulose (ethoxy group content 46.6 % and dynamic viscosity 57), PLA (density 1.24 g/cm 3 , T m = 150-175°C (Hycail® HM 1011, Hycail, the Netherlands)), poly(ethylene glycol) of different molecular weight (600, 1000, and 3000) were used.
Blend production
Ethyl cellulose and chitosan were blended with PLA in a Brabender mixer (Brabender GmbH & Co. KG, Dusseldorf, Germany) at 160°C for 10 min. The ternary compositions with PEG were obtained in the same apparatus under similar conditions.
Methods of investigation Pressing
For the mechanical tests, the SEM examination, and tests on biodegradability, the films 0.18-0.25 mm thick were pressed at 160°C and 10 MPa for 10 min followed by cooling under the same pressure at the rate of 15 K/min. For mechanical tests, the obtained samples were shaped as dumbbell with the size of gauge of 35  5 mm 2 .
Mechanical tests
The mechanical tests were performed on an Instron-1122 tensile test machine in tension mode at the rate of the upper traverse of 50 mm/ min at room temperature. Based on the stress ()-strain (ε) diagrams, the initial elastic modulus E, ultimate tensile strength  b , and elongation at break ε b were calculated. The results were averaged for 7-10 samples.
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Thermogravimetric analysis (TGA) and differential scanning calorimetry (DSC)
The thermal stability of individual polymers and their compositions were analyzed on a STA 449 F3 Jupiter synchronic thermal analyzer (NETSCH, Germany) in platinum open pans in the temperature range of 30-560°C with the rate of temperature change of 10 K/min in air. The sample weight was of 5-8 mg, the rate of gas consumption of 10 ml/min.
Investigation of composition biodegradability
Investigation of biodegradability by weight loss after holding in soil
The biodegradation of the polymer compositions was studied by holding the samples in soil. The films were placed into a container with wet soil consisting of biohumus, wood ash, finely grinded clay gravel, etc. at pH = 7.5. The films were placed into soil on different levels that minimizes the probability of partial loss of films. The containers were kept in a thermostat at 30°C for several months. The rate of biodegradation was controlled by the weight losses of samples measured at intervals.
Tests on fungus resistance
The tests on fungus resistance were performed according to the procedure based on the exposition of the materials infected by fungus spores under the optimum conditions for their growth in aqueous solutions of mineral salts followed by the estimation of fungus resistance by the degree of their growth (State Standard 9.049-91). The samples were shaped as plates 50  50 mm in size. The concentration of different fungus spores in suspension was 1-2 billion/cm 3 . The test time was 28 days; the fungus resistance in terms of the intensity of fungus growth on the samples was evaluated with a six-number scale.
Scanning electron microscopy
The surface morphology of films prepared from initial binary ethyl cellulose-PLA and chitosan-PLA compositions and from their ternary blends with PEG as well as the film surface morphology after holding in soil were analyzed using a JSM-7001F JEOL scanning electron microscope at accelerating voltages of 1 kV, without any treatment of surface.
Results and discussion
Production of blends and mechanical tests
To endow the biodegradable materials obtained from PLA with new properties and to extend their application areas, the biodegradable polymer compositions -ethyl cellulose-PLA and chitosan-PLA -were produced. The binary compositions of ethyl cellulose and chitosan with PLA containing 30 and 70 wt. % of polysaccharide (in the case of compositions based on chitosan only 70 wt. %) were obtained by a solid-phase blending of components under conditions of shear deformation in a Brabender mixer.
The results of mechanical tests of films obtained by pressing of compositions at 160°C are given in Tables 1 and 2 . As seen from Table 1 , the introduction of 30 wt. % ethyl cellulose practically does not change the elastic modulus (E), whereas the addition of 70 wt. % ethyl cellulose leads to a significant drop of E. In the case of chitosan-PLA composition, E slightly increases, since chitosan is more rigid polymer than ethyl cellulose ( Table 2 ). The introduction of 70 wt. % ethyl cellulose leads to a decrease in ultimate tensile strength  b (about 6 times in comparison with pure PLA); the effect observed is probably explained by a poor compatibility of these polymers. For compositions containing 30 wt. % ethyl cellulose or chitosan, this parameter decreased insignificantly compared to PLA. At the same time as is seen from the data of Tables 1 and 2 , the addition of ethyl cellulose and chitosan to PLA leads to a substantial decrease of elongation at break  b . Thus, the change of mechanical characteristics of the polysaccharide blends with PLA depends both on the blend composition and on the polysaccharide nature.
With the aim to increase the elasticity of the films obtained from ethyl cellulose-PLA and chitosan-PLA compositions, a plasticizer -PEG (M = 600) -was added as a third component into the compositions.
The introduction of 10 wt. % PEG leads to a slight change in the elongation at break of blends, while the addition of 20 wt. % PEG results in a significant increase of  b , especially for compositions containing chitosan. So, the elongation value for ternary chitosan-PLA-PEG (20:60:20 wt. %) composition increases up to 57.5 % compared to the binary chitosan-PLA composition with the elongation at break of 2.5 % (Table 2) . However, further increase in PEG content up to 27 wt. % leads to a decrease of  b to 29.5 % that can be connected with the phase separation of the components.
Analysis of blends by DSC and TGA methods
The thermal behavior of PLA in the presence of PEG of different molecular weight was investigated by DSC method. Fig. 1 shows the DSC thermograms of PLA and its compositions with PEG 600 at different plasticizer contents. Compared to T g of pure PLA (69.3°C), T g of blends diminishes with increase of PEG 600 content up to 44.1°C in the presence of 10 wt. % PEG. The obtained dependence can be explained by a gain in the segmental mobility of PLA with the number of plasticizer molecules leading to the enhancement of PLA molecular mobility. The cold crystallization of both PLA and its blend containing 5 wt. % PEG 600 was not observed, but with increase of PEG content the cold crystallization appears. Moreover, the cold-crystallization temperature T cc of PLA decreases as the PEG content increases, that is connected with a growing number of the crystallization centers. T m of PLA-PEG 600 blends weakly depends on their composition. The analogous results were obtained for blends of PLA with PEG 1000 and PEG 3000 . The determined T g values as well as crystallization and melting temperatures (T cc and T m ) of initial PLA and PLA plasticized by PEGs of different molecular weight (600, 1000, and 3000) are presented in Table 3 . As seen from Table 3 , for PEGs of different molecular weights, T g and T cc of PLA-PEG blends decrease with rise of the PEG content. The melting temperature weakly depends on the blend composition, but the heat of melting increases with the rise of content of all PEGs differing in molecular weight that may be explained by increase of the composition crystallinity.
As was found, molecular weight of PEG influences the thermal properties of PLA-PEG blends. Thus, the lower the PEG molecular weight, the stronger decrease of T g of PLA-PEG compositions. This is especially evident when compared PLA-PEG 600 blends with PLA-PEG 1000 and PLA-PEG 3000 blends (Table 3) . Fig. 2 shows the thermograms of PLA compositions containing 7 wt. % of PEG of different molecular weight. As seen from Fig. 2 , the cold crystallization heats depend on PEG molecular weight and increase with their decrease. This fact can be explained by increase of number of PEG molecules, which are the crystallization centers for PLA, with a decrease of PEG molecular weight. On the other hand, a possibility of interaction of PEG terminal hydroxyl groups with PLA in a Brabender mixer under conditions of shear deformation cannot be excluded. In this case the lower PEG molecular weight is, the greater is the amount of hydroxyl groups capable of reacting with PLA and the higher the heat effect of reaction. The possibility of some chemical reactions in polymers under these conditions was demonstrated in our previous works (see, for example, [26; 32]). However, this problem calls for further investigation. (2) , and PLA-PEG 3000 (93:7 wt. %) (3) compositions obtained in air
When considering DSC curves of the chitosan-PLA and ethyl cellulose-PLA compositions, the absence of cold crystallization in the curves of the binary compositions of PLA with polysaccharides was found, i.e., the PLA crystallization does not occur in the presence of polysaccharides (Fig. 3, a, curve 1, Fig. 3, b,  curve 1) . However, the addition of PEG leads to the appearance of a peak of cold crystallization for chitosan-PLA-PEG 600 and ethyl cellulose-PLA-PEG 600 compositions (Fig. 3, a, curve 2,  Fig. 3, b, curve 2) . At the same time, some decrease in T g for the binary compositions in comparison with the initial PLA is observed (Fig. 3, a, b) . The compositions obtained were also investigated by TGA method. The TG curves of individual chitosan, PLA, PEG 600 , and their binary and ternary compositions are shown in Fig. 4 . As can be seen from the presented data, the temperatures of the onset of degradation of binary chitosan-PLA and ternary chitosan-PLA-PEG 600 (30:60:10 wt. %) compositions are slightly lower compared to that for pure chitosan.
Thus, the thermal stability of the investigated compositions depends on their composition and the polymer nature. The introduction of PEG into the compositions of polysaccharide with PLA leads to a decrease in the material thermal stability.
Investigation of biodegradability
The biodegradability of obtained compositions was studied by three independent methods.
The tests on biodegradability were performed on the films prepared from the binary ethyl cellulose-PLA and chitosan-PLA (30:70 wt. %) and ternary ethyl cellulose-PLA-PEG 600 and chitosan-PLA-PEG 600 (20:60:20 wt. %) compositions.
Investigation of biodegradability by weight loss after holding in soil
The changes occurred in the samples after their holding in soil at 30°C for several months were estimated through weight losses. shows the weight loss curves for the samples held in soil. As seen from Fig. 5 , the weight of a binary film containing ethyl cellulose remains almost unchanged thr oughout the entir e experiment, while the binary films containing chitosan and ternary films with PEG are subjected to biodegradation with the weight loss up to 20 wt. %. The appearance of microcracks and spots on the film surface can be clearly seen by the naked eye, especially noticeable changes were observed for the samples containing chitosan; mor eover, the samples became significantly more fragile after holding in soil for 12 months (see insert in Fig. 5 ).
Tests on fungus resistance
The tests on fungus r esistance were performed with the films obtained from the investigated binary and ternary compositions (Fig. 6) . On examination of films from the compositions containing ethyl cellulose, the mater ials wer e not subjected to deep degradation by fungi and the intensity of mold fungus growth was measured according to 2 in the six-number scale. In this case no deep sprouting of the fungus mycelium hyphae inside the film t hickness was not obser ved at magnification  40 (Fig. 6, b, d) . At the same time the films from chitosan-PLA (30:70 wt. %) composition were subjected to effective degradation by fungi. At the greater magnification, it is clearly seen that the fungus mycelium hyphae sprouted deeply into the film structure (Fig. 6, f ) . The intensity of fungus growth was estimated by the maximum value 5. The most efficient degradation by the mold fungi was noted for the films from ternary compositions of chitosan: the deep sprouting of the fungus mycelium hyphae into the film structure was observed (Fig. 6, h) . The fungus growth intensity of these films was also measured by 5. However, it should be noted that although the fungus growth is clearly seen for all samples by the naked eye, only the compositions containing chitosan showed the maximum biodegradability.
Results of SEM examination of samples after holding in soil
The surfaces of the films obtained from compositions of PLA with ethyl cellulose and chitosan after holding in soil for several months were investigated by the scanning electron microscopy (SEM) (Figs. 7 and 8) . The cross- Investigation of Structure and Properties of Biodegradable Compositions sections of films cannot be investigated, since the samples after holding in soil have an increased fragility.
As seen from micrographs of chitosan-PLA film surface after holding in soil, in contrast to the initial compositions, at a low ( 50) magnification, a network of microcracks that apparently leads to further cracking and fragmentation of the material was observed. At the same magnification, for chitosan-PLA-PEG 600 compositions, the microcracks are deeper and wider that testifies the more intensive biodegradation of the ternary compositions in the presence of PEG 600 in comparison with the binary ones (Fig. 7, c, d ). At the medium ( 500) and high ( 2000) magnifications (Fig. 7, e, f ) , the PLA structure as multilayer shell and sponge is clearly seen. At the same magnifications, in the ternary compositions with PEG 600 , it can be seen that the film structure is more uniform (Fig. 7, g,  h) . The observed cavities in the PLA matrix suggest the presence of biodegradation. Different results were obtained for films from the ethyl cellulose-PLA compositions (Fig. 8) . At medium ( 300) magnification, the structure of the PLA matrix containing individual fibrous elements of ethyl cellulose is observed (Fig. 8, e) . The addition of PEG 600 into composition leads to the appearance of microcracks similar to those observed for chitosan-PLA binary blends, i.e., the biodegradability of the compositions based on ethyl cellulose in comparison with chitosan compositions is pronounced in the presence of PEG 600 (Fig. 8, f ) . At high (1000) magnification, a cavity, which is apparently formed as a result of PLA biodegradation, is clearly seen (Fig. 8, g, h) . Hence, the process of biodegradation occurs not only as a result of polysaccharide degradation, but also is connected with the biodegradation of PLA.
Thus, the SEM data show the differences in morphology of the films containing chitosan or ethyl cellulose after their holding in soil, so it can be concluded that the mechanism and, consequently, the rate of biodegradation are connected with the nature of the polysaccharides used. These data confirm the results obtained on studying the composition resistance to fungus action.
Conclusions
The biodegradable compositions based on PLA and polysaccharides chitosan and ethyl cellulose were obtained under conditions of shear deformation in a Brabender mixer. The mechanical characteristics of the compositions were determined and it was found that the addition of 20 wt. % of PEG 600 plasticizer leads to a 20-fold increase in ε b values. However, further increase in the PEG content up to 27 wt. % leads to a decrease of ε b that can be connected with the phase separation of the components.
Using DSC method it was revealed that the introduction of PEG leads to an increase of the PLA macromolecule mobility resulting in a change of T g and T cc depending on the amount and molecular weight of PEG used. The study of biodegradability by tests on fungus resistance showed that the compositions containing chitosan have improved biodegradability compared to the blends based on ethyl cellulose. Using SEM method for investigation of the sample morphology after their holding in soil, it was found that the defects are formed both in the PLA matrix and in polysaccharides that proved the biodegradation of both components. 
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